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© Cable crosstalk measurement system. 



© A cable crosstalk measurement system provides 
fault diagnostic information to locates faults in addi- 
tion to providing a crosstalk versus frequency func- 
tion to test and troubleshoot LAN cables. In a pre- 
ferred embodiment, a narrow pulse is introduced into 
one twisted pair of a standard LAN cable, and an- 
other twisted pair in the same cable is monitored for 
crosstalk signal coupling. A measurement system 
digitizes crosstalk signals using sequential sampling 



of repetitive signals to provide a waveform record 
that is a reconstructed equivalent time representation 
of a real-time crosstalk signal. A microprocessor 
performs a fast Fourier transform of the waveform 
record to provide crosstalk versus frequency infor- 
mation, while the waveform record is also examined 
for higher-than-acceptable amplitude levels to locate 
poor quality or faulty connectors and cables. 
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Background of the Invention 

This invention relates generally to cable testing 
and troubleshooting, and in particular to measuring 
the crosstalk characteristics between adjacent pairs 
of cables and extracting diagnostic information to 
locate faults in cables. 

Local Area Networks (LANs) formed by a large 
number of interconnected computers, work sta- 
tions, printers, and file servers are becoming in- 
creasingly common in the modern office. In a. typi- 
cal installation, LAN cables may be routed through 
walls, floors, and ceilings of a building. LAN cable 
systems not only need to be checked out upon 
installation, but they require constant maintenance, 
upgrades, and troubleshooting because LAN cables 
and connectors are subject to breakage, offices 
and equipment must be moved, and new equip- 
ment are added. A LAN system is most commonly 
implemented by physically connecting all of these 
devices with copper-conductor, twisted-pair LAN 
cables, the most common being an eight-wire ca- 
ble which is configured in four twisted-wire pairs 
(commonly referred to simply as "twisted pairs") 
within a flexible wrapper that may include an elec- 
trostatic shield, with each end of the cable termi- 
nated in an industry-standard connector. 

Crosstalk level is a performance parameter in- 
dicating the level of signal coupling between sepa- 
rate but adjacent data transmission paths, and thus 
is of great importance for determining problems in 
twisted-pair cables in LAN systems, it is desirable 
that the level of isolation be high (and crosstalk 
level be low) to avoid interference between trans- 
mission paths. Accordingly, crosstalk measurement 
capability is highly desirable in any test tool to be 
used in LAN cable testing and troubleshooting. 

More sophisticated LAN cable test instruments 
are often equipped for evaluating crosstalk through 
standardized near-end crosstalk (commonly re- 
ferred to as "NEXT") measurements. A conven- 
tional method of measuring crosstalk, or NEXT, is 
to apply a high-frequency sine wave signal to one 
twisted pair of wires in the cable and measuring 
the crosstalk signal level in another of the twisted 
pairs of wires. The sine wave source is incre- 
mented in discrete steps across a range of fre- 
quencies, while making measurements, and a list 
of crosstalk versus frequency is generated. This list 
is compared with a worst-case crosstalk versus 
frequency function specified for the cable installa- 
tion under test to determine compliance-that is, 
whether or not crosstalk levels are acceptable or 
not. However, this conventional method does not 
yield any useful diagnostic information to inform 
the user just exactly what the problem is nor how 
to fix it. For example, unacceptable crosstalk may 
be a result of a fault in the cable, such as the cable 



being physically crushed at some point, or simply 
a poor quality patch cord somewhere in a LAN run. 

Conventional time domain reflectometers 
(TDRs) locate faults caused by substantial changes 

5 in impedance in a cable, such as opens and shorts, 
by measuring the elapsed time between a stimulus 
pulse and a reflected pulse on the same cable; 
however, such conventional TDRs cannot provide a 
crosstalk versus frequency function, nor locate a 

70 problem such as a faulty or poor quality patch cord 
that has. a perfectly good impedance match to the 
twisted-pair LAN cable. 

Summary of the Invention 

In accordance with the present invention, a 
cable crosstalk measurement system provides fault 
diagnostic information to locate the cause of poor 
crosstalk performance in addition to providing a 

20 crosstalk versus frequency function in order to test 
and troubleshoot twisted-pair LAN cables. 

A cable test instrument applies stimulus signals 
to a selected one twisted pair in a LAN cable while 
monitoring crosstalk signal coupling on a separate 

25 but adjacent twisted pair within the same bundle or 
cable. A measurement system analyzes any cros- 
stalk signals and provides diagnostic information 
for locating faults in the cable as well as providing 
crosstalk versus frequency information to deter- 

30 mine whether acceptable or not. 

A preferred embodiment of the present inven- 
tion takes advantage of the well-known fact that the 
frequency spectrum of a pulse may be determined 
primarily by the width and amplitude of the pulse. 

35 A pulse generator repetitively applies a relatively 
narrow stimulus pulse (e.g., on the order of four or 
five nanoseconds) to a switch matrix that directs 
the stimulus pulse to a selected one of a plurality 
of twisted pairs while connecting one of the other 

40 twisted pairs to a waveform digitizer. The waveform 
digitizer records the received crosstalk waveform 
by means of sequential sampling to provide a 
reconstructed equivalent-time waveform of the 
crosstalk signal. A fast Fourier transform (FFT) is 

45 performed on the digitized crosstalk waveform 
record to provide, when normalized and scaled, a 
table of crosstalk versus frequency information. 
This information may then be used to check 
against the specified worst-case crosstalk require- 
so ments for the particular LAN cable to determine 
compliance. 

In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes or 
peaks. The time of occurrence of a spike may be 
55 used to approximate with a fair degree of accuracy 
the physical location along the cable run of the 
event or situation causing the crosstalk spike. Tim- 
ing information is provided by recording the 
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elapsed time from the launch of a stimulus pulse to 
detection of the spike, and then distance to the 
fault may be calculated. 

In an alternative embodiment, a cable test ap- 
paratus discriminates the location of spikes ex- 
ceeding a predetermined threshold amplitude, and 
presents only distance-related faults to the user. 

It is therefore one object of the present inven- 
tion to provide a crosstalk measurement system for 
determining the location of a crosstalk fault or poor 
crosstalk performance in a multiple-transmission- 
line cable. 

It is another object of the present invention to 
provide a crosstalk measurement system capable 
of measuring amplitude versus frequency charac- 
teristics of crosstalk between separate but adjacent 
transmission lines. 

It is a further object of the present invention to 
provide both fault diagnostic information and cros- 
stalk versus frequency information to test and 
troubleshoot LAN cables. 

It is an additional object of the present inven- 
tion to provide a cable testing and troubleshooting 
instrument capable of quickly and easily measuring 
and characterizing crosstalk in cables. 

Other objects, features, and advantages of the 
present invention will become obvious to those 
having ordinary skill in the art upon a reading of 
the following description when taken in conjunction 
with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a generalized block diagram of a cable 
testing and troubleshooting apparatus in accor- 
dance with the present invention; 
Figs. 2A and 2B is near-end crosstalk (NEXT) 
model showing respectively a measurement 
structure and a waveform diagram; 
Fig. 3 is a preferred embodiment of the present 
invention in detailed block diagram form; and 
Fig. 4 is a block diagram of an alternative em- 
bodiment of the present invention. 

Detailed Description of the Invention 

Referring to Fig. 1 of the drawings, there is 
shown a generalized block diagram of a cable 
testing and troubleshooting apparatus 10 coupled 
via an industry-standard connector 14 to one end 
of an exemplary LAN cable 1 2 which is configured 
in four twisted-wire pairs (or simply twisted pairs, 
as they are known in the relevant industry) 12-1, 
12-2, 12-3, and 12-4 within a flexible sheath 16 that 
may function as an electrostatic shield. It should be 
pointed out that LAN cables typically are unshiel- 
ded. A signal generator 20 within apparatus 10 
generates stimulus signals to test the LAN cable 



12, and such stimulus signals are applied via a 
switch matrix 22 to a selected one of the twisted- 
wire pairs. A measurement circuit 24 is coupled to 
a second one of the twisted-wire pairs via switch 

5 matrix 22 to receive any crosstalk signals, that is, 
signals that result in a coupling of the stimulus 
signal from the selected twisted-wire pair to the 
second one. Measurement circuit 24 analyzes the 
crosstalk signals and provides on a display device 

w 26 crosstalk versus frequency information as well 
as diagnostic information for locating faults in the 
LAN cable. In the example shown, the output of 
signal generator 20 is connected to twisted pair 12- 
1 through the closed contacts 22-1 a of switch ma- 
ys trix 22, and measurement circuit 24 is connected to 
twisted pair 12-2 through the closed contacts 22-2b 
of switch matrix 22. A microprocessor 28 provides 
overall control of the apparatus 10, including estab- 
lishing signal routing and operation of switch matrix 

20 22, and controlling measurement circuit 24 analyze 
crosstalk signals. Measurement circuit 24 also is- 
sues command signals to signal generator 20 to 
generate stimulus signals. 

In order to provide diagnostic information to 

25 locate faults in the LAN cable, a timing relationship 
must exist between stimulus signals generated by 
the signal generator 20 and crosstalk signals ana- 
lyzed by the measurement circuit 24. To gain an 
appreciation of this timing, refer to the near-end 

30 crosstalk, or NEXT, measurement model of Figs. 
2A and 2B, which show respectively a model of the 
measurement structure and a waveform diagram. 

In Fig. 2A, cable test instrument 10 is coupled 
to a near end of a cable including twisted pairs 12- 

35 1 and 12-2 in the manner described in connection 
with Fig. 1. The far end of each twisted pair in the 
model is terminated with termination resistors 30 
and 32, which match the characteristic impedance 
of the cable. Termination resistors 30 and 32 may 

40 suitably be part of a remote unit 34 supplied with 
cable test instrument 10 connected to the far end 
of the cable. The near ends of twisted pairs 12-1 
and 12-2 are likewise terminated with termination 
resistors 36 and 38, each of which are equal to 

45 one-half the characteristic impedance of the cable, 
and resistor 40. In a proposed commercial embodi- 
ment of the present invention, both the near and far 
ends of the cable are coupled to balanced-to-un- 
balanced transformers in order to achieve balanced 

so cable drive and to facilitate functions other than the 
measurement system described herein; however, 
the equivalent circuit over the measurement fre- 
quency band is as shown in Fig. 2A. Signal gener- 
ator 20, which suitably may be a pulse generator, 

55 generates a stimulus pulse which is launched down 
the transmission path of twisted pair 12-1. Any 
crosstalk coupled across to separate but adjacent 
twisted pair 12-2 propagates back to the measure- 
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ment system and is developed as a received signal 
across resistor 40. Let us suppose that a fault, such 
as a bad connector, exists at some distance L F 
from the near end of cable 12. This fault is mod- 
eled by capacitors 44 and 46. It should be noted 
that the impedance represented by this type of 
fault is typically large relative to the characteristic 
impedance of the cable, and therefore would not 
be located by any test instruments that look for 
impedance discontinuities, such as time domain 
reflectometers and the like.. However, the imped- 
ance modeled by capacitors 44 and 46 causes 
sufficient coupling to result in NEXT failure. 

Referring now to Fig. 2B, a stimulus pulse 50 is 
generated by signal generator 20 and launched 
down the transmission path represented by twisted 
pair 12-1 at a time To. Pulse 50 propagates at a 
velocity V, which is a percentage of the speed of 
light and is approximately equal to eight inches per 
nanosecond (or 20 centimeters per nanosecond) in 
an electrical cable, down twisted pair 12-1 to the 
fault represented by capacitors 44 and 46, where it 
is coupled across to twisted pair 12-2. The coupled 
crosstalk signal in turn propagates back to cable 
test instrument 10 via twisted pair 12-2 at a velocity 
V, and arrives at resistor 40 after an elapsed time 
T F = Ti - T 0 = 21f/V. Waveform 52 represents 
that part of the received signal that is due to 
equivalent coupling capacitors 44 and 46. Distance 
to the fault (length of cable from instrument 10 to 
the fault) may then be calculated as L F = i T F V. 

A cable testing and troubleshooting apparatus 
in accordance with a preferred embodiment takes 
advantage of the well-known fact that the frequency 
spectrum of a pulse may be determined primarily 
by the width and amplitude of a pulse such as 
pulse 50. A relatively narrower pulse 50, e.g., on 
the order of five nanoseconds, will produce a fre- 
quency spectrum that has a greater percentage of 
its power at higher frequencies, e.g., up to about 
100 megahertz, while a relatively wider pulse 50, 
e.g., on the order of 30 nanoseconds, will produce 
a frequency spectrum that has a greater percent- 
age of its power at lower frequencies, e.g., up to 
about 20 megahertz. 

A preferred embodiment of the present inven- 
tion is shown in Fig. 3. Cable test apparatus 10 
includes a connector 60 for connecting the cable 
test apparatus to a cable under test. The connector 
60 may be selected to accommodate any type of 
cable or any number of transmission lines. In the 
embodiment shown, connector 60 is an industry- 
standard RJ-45 connector adapted to mate with the 
connector of a conventional eight-wire LAN cable 
which is configured in four twisted-wire pairs. Sig- 
nal generator 20 is a pulse generator which gen- 
erates a relatively narrow pulse, e.g., on the order 
of five nanoseconds as described above, upon 



initiation of a pulse command signal from an ac- 
quisition timing controller 74 (to be discussed 
later), which in turn is controlled by microprocessor 
28. The pulses are repetitively produced about 

5 eight microseconds apart, which allows sufficient 
time to sample crosstalk signals from faults that are 
a substantial distance from the measurement sys- 
tem so that the measurement system can be used 
to detect crosstalk fautts on virtually any local area 

70 network. 

Microprocessor 28 is connected via a typical 
bus structure to a memory 62, which may include 
both random-access and read-only memories, a 
keypad 64 for entry of user-defined information, 

75 and a display device 66, which may be a flat-panel 
liquid-crystal display (LCD) device and its asso- 
ciated display circuitry. 

Microprocessor 28 also provides a control sig- 
nal to switch matrix 22, which may suitably consist 

20 of digitally-controlled relays of conventional design 
for routing a stimulus pulse from signals generator 
20 to a selected twisted pair, and crosstalk signals 
from another twisted pair to measurement circuit 
24. 

25 Measurement circuit 24 is a waveform digitizer 
similar to that used for digitizing waveforms of 
input signals in a conventional digital storage oscil- 
loscope, and therefore includes conventional and 
well known elements, and is operated in a conven- 

30 tional mode known in art as sequential sampling 
wherein samples acquired from a number of repet- 
itive signals are later reconstructed in an equiv- 
alent-time record representing one real-time signal. 
This permits sampling a higher effective rate than 

35 the available sampling clock rate, which is required 
to sample crosstalk signals which are artifacts of 
five-nanosecond duration stimulus pulses. 

Crosstalk signals received via switch matrix 22 
from the twisted pair being monitored are applied 

40 to a sample/hold amplifier 70 which freezes the 
amplitude of the crosstalk signal long enough to be 
converted to a digital representation by analog-to- 
digital converter (ADC) 72. If desired, suitable sig- 
nal conditioning circuits, such as amplifiers, at- 

45 tenuators, filters, etc., may be interposed in the 
signal path before digitizing in order to match sig- 
nal conditions with the capabilities of the waveform 
digitizer. 

Acquisition timing is provided by acquisition 
so timing controller 74, which may suitably be a digital 
signal processor (DSP) in combination with a prog- 
rammable logic device and a high-speed (about 60 
megahertz in this embodiment) clock oscillator to 
provide the desired timing and control. Acquisition 
55 time controller 74 initiates pulse command signals 
to signal generator 20, as discussed earlier, and 
also applies sample/hold signals to sample/hold 
amplifier 70 and conversion control signals to ADC 
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72 at a rate of about four megahertz. The sam- 
ple/hold and ADC control signals are generated in 
progressively increasing delay increments of two 
nanoseconds via an internal delay line following 
initiation of pulse command signals applied to sig- s 
nal generator 20. Thus, while the conversion rate of 
sample/hold amplifier 70 and ADC 72 in this em- 
bodiment is about four megahertz, the well-known 
sequential sampling technique permits an effective 
sampling rate of 500 megahertz. In accordance 10 
with the well-known Nyquist sampling theorem, this 
permits sampling crosstalk signals in a frequency 
spectrum to 250 megahertz. 

The converted digitized samples, each repre- 
senting an instantaneous amplitude of the received 75 
crosstalk signal, are transported by the acquisition 
timing controller to a fast acquisition waveform 
memory 78. Although the samples are not obtained 
in chronological order, they are reordered into their 
proper time sequence when stored in memory 78, 20 
as is well known to those skilled in the art. There- 
after, the waveform record is retrieved by micropro- 
cessor 28 and moved to memory 62. Thus, the 
waveform digitizer records the received crosstalk 
waveform by means of sequential sampling to pro- 25 
vide a reconstructed equivalent-time waveform of 
the crosstalk signal. 

A fast Fourier transform (FFT) is performed by 
microprocessor 28 on the digitized crosstalk 
waveform record to. provide, when normalized and 30 
scaled, a table of crosstalk versus frequency in- 
formation which may be viewed on display device 
66. This information may then be used to check 
against the specified worst-case crosstalk require- 
ments for the particular LAN cable installation to 35 
determine compliance. 

In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes or 
peaks. The time of occurrence of a spike may be 
used to approximate with a fair degree of accuracy 40 
the physical location along the cable run of the 
event or situation causing the crosstalk spike. Tim- 
ing information is provided by recording the 
elapsed time from the launch of a stimulus pulse to 
detection of the spike, and then distance to the 45 
fault may be calculated. 

In an alternative embodiment of measurement 
circuit 24 shown in Fig. 4, a cable test apparatus 
discriminates the location of spikes exceeding a 
predetermined threshold amplitude, and presents 50 
only distance-related faults to the user. Crosstalk 
signals received via switch matrix 22 are coupled 
to a signal conditioning circuit 80, which adjusts the 
signals to a suitable level for comparison with a 
predetermined threshold level by comparator 82. 55 
That is, if a crosstalk spike or peak voltage ex- 
ceeds a predetermined level, the output of com- 
parator 82 changes states. A counter 84 is enabled 



by initiation of a stimulus pulse and counts. high- 
speed clock signals from a clock 86 until count is 
stopped by the output of comparator 82. The 
elapsed time from counter 84 may be read out 
directly in terms of distance on display device 90. 

While we have shown and described the pre- 
ferred embodiment of our invention, it will be ap- 
parent to those skilled in the art that many changes 
and modifications may be made without departing 
from our invention in its broader aspects. For ex- 
ample, signal generator 20 generate gated-on 
short-duration bursts of high frequency sine wave 
signals to build a crosstalk versus frequency table 
similar to that produced by conventional cable test- 
ers, with the time information for diagnostic fault 
location being extracted from the gating com- 
mands. Also, with appropriate controls and addi- 
tional circuitry, measurement circuit 24 could be 
implemented by those skilled in the art as a con- 
ventional random-sampling waveform digitizer. Al- 
ternatively, single shot aquisition could be imple- 
mented with suitable high-speed waveform digitizer 
circuits and attendant increased cost. It is therefore 
contemplated that the appended claims will cover 
all such changes and modifications as fall within 
the true scope of the invention. 

Claims 

1. A cable testing apparatus, comprising: 

a signal generator for generating stimulus 
signals for a first transmission line in a cable 
under test; 

measurement means connected to a sec- 
ond transmission line in said cable under test 
for receiving crosstalk signals produced in re- 
sponse to said stimulus signals and analyzing 
said crosstalk signals to provide an indication 
of a location of crosstalk which exceeds a 
predetermined level. 

2. A cable test apparatus in accordance with 
claim 1 wherein said measurement means also 
provides an indication of crosstalk versus fre- 
quency. 

3. A cable test apparatus in accordance with 
claim 1 wherein said stimulus signals are rela- 
tively short-duration pulses. 

4. A cable test apparatus in accordance with 
claim 1 wherein said measurement means is a 
waveform digitizer which provides a digitized 
waveform record of said crosstalk signals. 

5. A cable test apparatus in accordance with 
claim 4 further including means for analyzing 
said digitized waveform record to provide cros- 
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stalk versus frequency information. 

6. A cable test apparatus in accordance with 
claim 5 wherein said means for analyzing said 
digitized waveform record is a processor which 5 
performs a fast Fourier transform. 

7. A cable test apparatus in accordance with 
claim 1 wherein said measurement means 
comprises a means for detecting crosstalk sig- 10 
nals which exceed a predetermined threshold, 
measuring the elapsed time between said 
stimulus signal and said detected crosstalk sig- 
nals, and calculating from said elapsed time a 
distance along said cable under test. 75 

8. A system for determining the location of a 
crosstalk fault in pair of transmission lines, 
comprising: 

a pulse generator coupled to one of said 20 
pair of transmission lines, said pulse generator 
generating and applying a pulse to said one of 
said pair of transmission lines responsive to a 
transmit initiate pulse applied to said pulse 
generator; 25 

a waveform digitizer coupled to another of 
said pair of transmission lines, said waveform 
digitizer periodically converting samples of a 
crosstalk signal on said another of said pair of 
transmission lines to digital representations; 30 
and 

processor means coupled to said 
waveform digitizer to perform an analysis on 
said digital representations to provide an in- 
dication of a location of crosstalk between said 35 
pair of transmission lines. 

9. A system in accordance with claim 8 wherein 
said processor means further provides an in- 
dication of a magnitude of said crosstalk at 40 
each of said crosstalk locations. 

10. A method of monitoring crosstalk comprising 
applying stimulus pulses to a first transmission 

line in a cable under test, monitoring signals 45 
produced in response to said pulses in a sec- 
ond transmission line in said cable, and apply- 
ing a fast Fourier transform to the monitored 
signals to provide information relating to the 
relationship between crosstalk and frequency. 50 



55 



6 



EP 0 675 607 A2 




co 







a. 










u 








I- 


i- 
z 


t- 




z 




D 


cr 


Q. 


3 


I 


o 


< 


O 


O 

u 




o 


is 


ST 




f 



7 



EP 0 675 607 A2 




8 



EP 0 675 607 A2 




9 



(19) 



J 



(12) 



(88) Date of publication A3: 

21.05.1997 Bulletin 1997/21 

(43) Date of publication A2: 

04.10.1995 Bulletin 1995/40 

(21) Application number: 94308731.2 

(22) Date of filing: 25.11.1994 



r-ttr liiiiiiiiiiiiii 

European Patent Office 
Office europeendes brevets (11) EP 0 675 607 A3 

EUROPEAN PATENT APPLICATION 

(51) Int CI. 6 : H04B 3/46 



(84) Designated Contracting States: 


• Drucker, Eric R. 


DE FR GB 


Seattle, WA 981 15 (US) 




• Purnell, Lannes S. 


(30) Priority: 30.03.1994 US 220068 


Edmonds, WA 98020 (US) 


(71) Applicant: FLUKE CORPORATION 


(74) Representative: Burke, Steven David et al 


Everett, Washington 98206-9090 (US) 


R.G.C. Jenkins & Co. 


(72) Inventors: 


26 Caxton Street 


London SW1H0RJ (GB) 


• Bottman, Jeffrey S. 


Seattle, WA 981 15 (US) 





(54) Cable crosstalk measurement system 

(57) A cable crosstalk measurement system pro- 
vides fault diagnostic information to locates faults in 
addition to providing a crosstalk versus frequency func- 
tion to test and troubleshoot LAN cables. In a preferred 
embodiment, a narrow pulse is introduced into one 
twisted pair of a standard LAN cable, and another 
twisted pair in the same cable is monitored for crosstalk 
signal coupling. A measurement system digitizes cross- 
talk signals using sequential sampling of repetitive sig- 
nals to provide a waveform record that is a 
reconstructed equivalent time representation of a real- 
time crosstalk signal. A microprocessor performs a fast 
Fourier transform of the waveform record to provide 
crosstalk versus frequency information, while the wave- 
form record is also examined for higher-than-acceptable 
amplitude levels to locate poor quality or faulty connec- 
tors and cables. 



IS 

Fig.1 



*- MICROPROCESSOR 



SICNAL ( 
GENERATOR | 



Jmeasurement 

1 CIRCUIT 



<-24 



CROSSTALK 

VS. 
FREQUENCY 



FAULT 
DIAGNOSIS 



CO 

< 

o 

CD 

in 

CO 

o 

CL 
HI 



Primed by Rank Xerox (UK) Business Services 
2.H.3/3.4 



EP 0 675 607 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 8731 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (InLO.6) 



GB 2 065 312 A (THE POST OFFICE) 

* page 1, line 3 * 

* page 1, line 7 - page 3, line 19 * 

US 5 863 351 A (G0LDTH0RP ET AL.) 

* column 2 t line 22-53 * 

* column 4, line 34 - column 8, line 60 * 

US 4 630 228 A (TARCZY-H0RN0CH ET AL.) 

* column 1, line 7-9 * 

* column 2, line 34 - column 10, line 53 * 



1-10 



1,2,4,5 
3,7-10 



1,3-8,1G 



H04B3/46 



TECHNICAL FIELDS 
SEARCHED (Iot.CI.61 



H04B 

G01R 



The present search report has been drawn op For all claims 



Plan of iapek 

THE HAGUE 



D*a sf coaplrfkM *f On iwd 

27 March 1997 



Zanti, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
0 : do d- writ ten disclosure 
P t Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 

dk : member of the same patent family, corresponding 



2 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
25.06.2003 Bulletin 2003/26 

(21) Application number: 94308731.2 

(22) Date of filing: 25.11.1994 



(H) EP 0 675 607 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int CI 7: H04B 3/46 



(54) Cable crosstalk measurement system 

Einrichtung zur Messung des Kabelubersprechens 
Systeme de mesure de diaphonie d'un cable 



CO 

1^ 
o 

CD 

IT) 
N- 
CO 

o 

CL 
Ml 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 30.03.1994 US 220068 

(43) Date of publication of application: 
04.10.1995 Bulletin 1995/40 

(73) Proprietor: FLUKE CORPORATION 
Everett, Washington 98206-9090 (US) 

(72) Inventors: 

• Bottman, Jeffrey S. 
Seattle, WA 98115 (US) 



• Drucker, Eric R. 
Seattle, WA 98115 (US) 

• Purnell, Lannes S. 
Edmonds, WA 98020 (US) 

(74) Representative: Burke, Steven David et al 
R.G.C. Jenkins & Co. 
26 Caxton Street 
London SW1H0RJ (GB) 



(56) References cited: 
GB-A- 2 065 312 
US-A- 5 063 351 



US-A- 4 630 228 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 675 607 B1 



2 



Description 

Background of the Invention 

[0001] This invention relates generally to cable testing 5 
and troubleshooting, and in particular to measuring the 
crosstalk characteristics between adjacent pairs of ca- 
bles and extracting diagnostic information to locate 
faults in cables. 

[0002] Local Area Networks (LANs) formed by a large io 
number of interconnected computers, work stations, 
printers, and file servers are becoming increasingly 
common in the modern office. In a typical installation, 
LAN cables may be routed through walls, floors, and 
ceilings of a building. LAN cable systems not only need *5 
to be checked out upon installation, but they require con- 
stant maintenance, upgrades, and troubleshooting be- 
cause LAN cables and connectors are subject to break- 
age, offices and equipment must be moved, and new 
equipment are added. A LAN system is most commonly 20 
implemented by physically connecting ail of these de- 
vices with copper-conductor, twisted-pair LAN cables, 
the most common being an eight-wire cable which is 
configured in four twisted-wire pairs (commonly referred 
to simply as "twisted pairs") within a flexible wrapper that 25 
may include an electrostatic shield, with each end of the 
cable terminated in an industry-standard connector. 
[0003] Crosstalk level is a performance parameter in- 
dicating the level of signal coupling between separate 
but adjacent data transmission paths, and thus is of 30 
great importance for determining problems in twisted- 
pair cables in LAN systems. It is desirable that the level 
of isolation be high (and crosstalk level be low) to avoid 
interference between transmission paths. Accordingly, 
crosstalk measurement capability is highly desirable in 35 
any test tool to be used in LAN cable testing and trou- 
bleshooting. 

[0004] More sophisticated LAN cable test instruments 
are often equipped for evaluating crosstalk through 
standardized near-end crosstalk (commonly referred to *o 
as "NEXT") measurements. A conventional method of 
measuring crosstalk, or NEXT, is to apply a high-fre- 
quency sine wave signal to one twisted pair of wires in 
the cable and measuring the crosstalk signal level in an- 
other of the twisted pairs of wires. The sine wave source 45 
is incremented in discrete steps across a range of fre- 
quencies, while making measurements, and a list of 
crosstalk versus frequency is generated. This list is 
compared with a worst-case crosstalk versus frequency 
function specified for the cable installation under test to so 
determine compliance - that is, whether or not crosstalk 
levels are acceptable or not. However, this conventional 
method does not yield any useful diagnostic information 
to inform the user just exactly what the problem is nor 
how to fix it. For example, unacceptable crosstalk may 55 
be a result of a fault in the cable, such as the cable being 
physically crushed at some point, or simply a poor qual- 
ity patch cord somewhere in a LAN run. 



[0005] Conventional time domain reflectometers 
(TDRs) locate faults caused by substantial changes in 
impedance in a cable, such as opens and shorts, by 
measuring the elapsed time between a stimulus pulse 
and a reflected pulse on the same cable; however, such 
conventional TDR's cannot provide a crosstalk versus 
frequency function, nor locate a problem such as a faulty 
or poor quality patch cord that has a perfectly good im- 
pedance match to the twisted-pair LAN cable. 
[0006] US-A-5 063 351 describes an arrangement for 
testing a cable communication system which includes a 
pseudo-noise sequence generator for producing a 
stream of bits that are normally distributed, and a digital 
filter, responsive to the sequence generator, for imple- 
menting a frequency characteristic corresponding to the 
spectral content of an interfering source as weighted by 
a near-end crosstalk path. The circuit thus digitally gen- 
erates a crosstalk signal indicative of the combined ef- 
fect of one or more interfering sources and the near-end 
crosstalk coupling path linking the interfering sources 
with the system under test. 

[0007] GB-A-2 065 312 describes apparatus for locat- 
ing crosstalk faults in telecommunications cables to a 
resolution of around 10 metres. For every potential 
crosstalk coupling distance, the apparatus stores (or 
calculates) an expected crosstalk waveform in the form 
of a number of time-spaced samples. The actual re- 
ceived waveform is cross-correlated with each potential 
waveform, the correlation giving the greatest result thus 
indicating the coupling distance. 

Summary of the Invention 

[0008] Aspects of the present invention are set out in 
the accompanying claims. 

[0009] In accordance with a preferred embodiment of 
the present invention, a cable crosstalk measurement 
system provides fault diagnostic information to locate 
the cause of poor crosstalk performance in addition to 
providing a crosstalk versus frequency function in order 
to test and troubleshoot twisted-pair LAN cables. 
[0010] A cable test instrument applies stimulus sig- 
nals to a selected one twisted pair in a LAN cable while 
monitoring crosstalk signal coupling on a separate but 
adjacent twisted pair within the same bundle or cable. 
A measurement system analyzes any crosstalk signals 
and provides diagnostic information for locating faults in 
the cable as well as providing crosstalk versus frequen- 
cy information to determine whether acceptable or not. 
[0011] The preferred embodiment of the present in- 
vention takes advantage of the well-known fact that the 
frequency spectrum of a pulse may be determined pri- 
marily by the width and amplitude of the pulse. A pulse 
generator repetitively applies a relatively narrow stimu- 
lus pulse (e.g., on the order of four or five nanoseconds) 
to a switch matrix that directs the stimulus pulse to a 
selected one of a plurality of twisted pairs while connect- 
ing one of the other twisted pairs to a waveform digitizer. 
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The waveform digitizer records the received crosstalk 
waveform by means of sequential sampling to provide 
a reconstructed equivalent-time waveform of the cross- 
talk signal. A fast Fourier transform (FFT) is performed 
on the digitized crosstalk waveform record to provide, 5 
when normalized and scaled, a table of crosstalk versus 
frequency information. This information may then be 
used to check against the specified worst-case crosstalk 
requirements for the particular LAN cable to determine 
compliance. 10 
[0012] In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes or peaks. 
The time of occurrence of a spike may be used to ap- 
proximate with a fair degree of accuracy the physical 
location along the cable run of the event or situation 15 
causing the crosstalk spike. Timing information is pro- 
vided by recording the elapsed time from the launch of 
a stimulus pulse to detection of the spike, and then dis- 
tance to the fault may be calculated. 
[0013] In an alternative embodiment, a cable test ap- 20 
paratus discriminates the location of spikes exceeding 
a predetermined threshold amplitude, and presents only 
distance-related faults to the user. 
[0014] Arrangements embodying the present inven- 
tion will now be described, in conjunction with the ac- 25 
companying drawings. 

Brief Description of the Drawings 

[0015] 30 

Fig. 1 is a generalized block diagram of a cable test- 
ing and troubleshooting apparatus in accordance 
with the present invention; 

Figs. 2A and 2B is near-end crosstalk (NEXT) mod- 35 
el showing respectively a measurement structure 
and a waveform diagram; 

Fig. 3 is a preferred embodiment of the present in- 
vention in detailed block diagram form; and 
Fig. 4 is a block diagram of an alternative embodi- 40 
ment of the present invention. 

Detailed Description of the Invention 

[0016] Referring to Fig. 1 of the drawings, there is 45 
shown a generalized block diagram of a cable testing 
and troubleshooting apparatus 10 coupled via an indus- 
try-standard connector 14 to one end of an exemplary 
LAN cable 12 which is configured in four twisted-wire 
pairs (or simply twisted pairs, as they are known in the 50 
relevant industry) 12-1, 12-2, 12-3, and 12-4 within a 
flexible sheath 16 that may function as an electrostatic 
shield. It should be pointed out that LAN cables typically 
are unshielded. A signal generator 20 within apparatus 
10 generates stimulus signals to test the LAN cable 12, 55 
and such stimulus signals are applied via a switch matrix 
22 to a selected one of the twisted-wire pairs. A meas- 
urement circuit 24 is coupled to a second one of the 



twisted-wire pairs via switch matrix 22 to receive any 
crosstalk signals, that is, signals that result in a coupling 
of the stimulus signal from the selected twisted-wire pair 
to the second one. Measurement circuit 24 analyzes the 
crosstalk signals and provides on a display device 26 
crosstalk versus frequency information as well as diag- 
nostic information for locating faults in the LAN cable. In 
the-example shown, the output of signal generator 20 is 
connected to twisted pair 12-1 through the closed con- 
tacts 22-1 a of switch matrix 22, and measurement cir- 
cuit 24 is connected to twisted pair 12-2 through the 
closed contacts 22-2b of switch matrix 22. A microproc- 
essor 28 provides overall control of the apparatus 10, 
including establishing signal routing and operation of 
switch matrix 22, and controlling measurement circuit 
24 analyze crosstalk signals. Measurement circuit 24 al- 
so issues command signals to signal generator 20 to 
generate stimulus signals. 

[0017] In order to provide diagnostic information to lo- 
cate faults in the LAN cable, a timing relationship must 
exist between stimulus signals generated by the signal 
generator 20 and crosstalk signals analyzed by the 
measurement circuit 24. To gain an appreciation of this 
timing, refer to the near-end crosstalk, or NEXT, meas- 
urement model of Figs. 2A and 2B, which show respec- 
tively a model of the measurement structure and a 
waveform diagram. 

[0018] In Fig. 2A, cable test instrument 10 is coupled 
to a near end of a cable including twisted pairs 12-1 and 
12-2 in the manner described in connection with Fig. 1. 
The far end of each twisted pair in the model is termi- 
nated with termination resistors 30 and 32, which match 
the characteristic impedance of the cable. Termination 
resistors 30 and 32 may suitably be part of a remote unit 
34 supplied with cable test instrument 10 connected to 
the far end of the cable. The near ends of twisted pairs 
12-1 and 12-2 are likewise terminated with termination 
resistors 36 and 38, each of which are equal to one-half 
the characteristic impedance of the cable, and resistor 
40. In a proposed commercial embodiment of the 
present invention, both the near and far ends of the ca- 
ble are coupled to balanced-to-unbalanced transform- 
ers in order to achieve balanced cable drive and to fa- 
cilitate functions other than the measurement system 
described herein; however, the equivalent circuit over 
the measurement frequency band is as shown in Fig. 
2A. Signal generator 20, which suitably may be a pulse 
generator, generates a stimulus pulse which is launched 
down the transmission path of twisted pair 12-1. Any 
crosstalk coupled across to separate but adjacent twist- 
ed pair 12-2 propagates back to the measurement sys- 
tem and is developed as a received signal across resis- 
tor 40. Let us suppose that a fault, such as a bad con- 
nector, exists at some distance L F from the near end of 
cable 12. This fault is modeled by capacitors 44 and 46. 
it should be noted that the impedance represented by 
this type of fault is typically large relative to the charac- 
teristic impedance of the cable, and therefore would not 
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be located by any test instruments that look for imped- 
ance discontinuities, such as time domain reflectome- 
ters and the like. However, the impedance modeled by 
capacitors 44 and 46 causes sufficient coupling to result 
in NEXT failure. 

[0019] Referring now to Fig. 2B, a stimulus pulse 50 
is generated by signal generator 20 and launched down 
the transmission path represented by twisted pair 12-1 
at a time T 0 . Pulse 50 propagates at a velocity V, which 
is a percentage of the speed of light and is approximate- 
ly equal to eight inches per nanosecond (or 20 centim- 
eters per nanosecond) in an electrical cable, down twist- 
ed pair 12-1 to the fault represented by capacitors 44 
and 46, where it is coupled across to twisted pair 12-2. 
The coupled crosstalk signal in turn propagates back to 
cable test instrument 10 via twisted pair 12-2 at a veloc- 
ity V, and arrives at resistor 40 after an elapsed time T F 
= T 1 - T 0 = 2L F /V. Waveform 52 represents that part of 
the received signal that is due to equivalent coupling ca- 
pacitors 44 and 46. Distance to the fault (length of cable 
from instrument 10 to the fault) may then be calculated 
as Lp = 14 TpV. 

[0020] A cable testing and troubleshooting apparatus 
in accordance with a preferred embodiment takes ad- 
vantage of the well-known fact that the frequency spec- 
trum of a pulse may be determined primarily by the width 
and amplitude of a pulse such as pulse 50. A relatively 
narrower pulse 50, e.g., on the order of five nanosec- 
onds, will produce a frequency spectrum that has a 
greater percentage of its power at higher frequencies, 
e.g., up to about 1 00 megahertz, while a relatively wider 
pulse 50, e.g., on the order of 30 nanoseconds, will pro- 
duce a frequency spectrum that has a greater percent- 
age of its power at lower frequencies, e.g., up to about 
20 megahertz. 

[0021] A preferred embodiment of the present inven- 
tion is shown in Fig. 3. Cable test apparatus 10 includes 
a connector 60 for connecting the cable test apparatus 
to a cable under test. The connector 60 may be selected 
to accommodate any type of cable or any number of 
transmission lines. In the embodiment shown, connec- 
tor 60 is an industry-standard RJ-45 connector adapted 
to mate with the connector of a conventional eight-wire 
LAN cable which is configured in four twisted-wire pairs. 
Signal generator 20 is a pulse generator which gener- 
ates a relatively narrow pulse, e.g., on the order of five 
nanoseconds as described above, upon initiation of a 
pulse command signal from an acquisition timing con- 
troller 74 (to be discussed later), which in turn is control- 
led by microprocessor 28. The pulses are repetitively 
produced about eight microseconds apart, which allows 
sufficient time to sample crosstalk signals from faults 
that are a substantial distance from the measurement 
system so that the measurement system can be used 
to detect crosstalk faults on virtually any local area net- 
work. 

[0022] Microprocessor 28 is connected via a typical 
bus structure to a memory 62, which may include both 



random-access and read-only memories, a keypad 64 
for entry of user-defined information, and a display de- 
vice 66, which may be a flat-panel liquid-crystal display 
(LCD) device and its associated display circuitry. 

5 [0023] Microprocessor 28 also provides a control sig- 
nal to switch matrix 22, which may suitably consist of 
digitally-controlled relays of conventional design for 
routing a stimulus pulse from signal generator 20 to a 
selected twisted pair, and crosstalk signals from another 

10 twisted pair to measurement circuit 24. 

[0024] Measurement circuit 24 is a waveform digitizer 
similar to that used for digitizing waveforms of input sig- 
nals in a conventional digital storage oscilloscope, and 
therefore includes conventional and well known ele- 

15 ments, and is operated in a conventional mode known 
in art as sequential sampling wherein samples acquired 
from a number of repetitive signals are later reconstruct- 
ed in an equivalent-time record representing one real- 
time signal. This permits sampling a higher effective rate 

20 than the available sampling clock rate, which is required 
to sample crosstalk signals which are artifacts of five- 
nanosecond duration stimulus pulses. 
[0025] Crosstalk signals received via switch matrix 22 
from the twisted pair being monitored are applied to a 

25 sample/hold amplifier 70 which freezes the amplitude of 
the crosstalk signal long enough to be converted to a 
digital representation by analog-to-digital converter 
(ADC) 72. If desired, suitable signal conditioning cir- 
cuits, such as amplifiers, attenuators, filters, etc., may 

30 be interposed in the signal path before digitizing in order 
to match signal conditions with the capabilities of the 
waveform digitizer. 

[0026] Acquisition timing is provided by acquisition 
timing controller 74, which may suitably be a digital sig- 
35 nal processor (DSP) in combination with a programma- 
ble logic device and a high-speed (about 60 megahertz 
in this embodiment) clock oscillator to provide the de- 
sired timing and control. Acquisition time controller 74 
initiates pulse command signals to signal generator 20, 
40 as discussed earlier, and also applies sample/hold sig- 
nals to sample/hold amplifier 70 and conversion control 
signals to ADC 72 at a rate of about four megahertz. The 
sample/hold and ADC control signals are generated in 
progressively increasing delay increments of two nano- 
45 seconds via an internal delay line following initiation of 
pulse command signals applied to signal generator 20. 
Thus, while the conversion rate of sample/hold amplifier 
70 and ADC 72 in this embodiment is about four mega- 
hertz, the well-known sequential sampling technique 
50 permits an effective sampling rate of 500 megahertz. In 
accordance with the well-known Nyquist sampling the- 
orem, this permits sampling crosstalk signals in a fre- 
quency spectrum to 250 megahertz. 
[0027] The converted digitized samples, each repre- 
ss senting an instantaneous amplitude of the received 
crosstalk signal, are transported by the acquisition tim- 
ing controller to a fast acquisition waveform memory 78. 
Although the samples are not obtained in chronological 
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order, they are reordered into their proper time se- 
quence when stored in memory 78, as is well known to 
those skilled in the art. Thereafter, the waveform record 
is retrieved by microprocessor 28 and moved to memory 
62. Thus, the waveform digitizer records the received 
crosstalk waveform by means of sequential sampling to 
provide a reconstructed equivalent-time, waveform of 
the crosstalk signal. 

[0028] A fast Fourier transform (FFT) is performed by 
microprocessor 28 on the digitized crosstalk waveform 
record to provide, when normalized and scaled, a table 
of crosstalk versus frequency information which may be 
viewed on display device 66. This information may then 
be used to check against the specified worst-case 
crosstalk requirements for the particular LAN cable in- 
stallation to determine compliance. 
[0029] In addition, the digitized crosstalk waveform 
record is examined for relatively large spikes or peaks. 
The time of occurrence of a spike may be used to ap- 
proximate with a fair degree of accuracy the physical 
location along the cable run of the event or situation 
causing the crosstalk spike. Timing information is pro- 
vided by recording the elapsed time from the launch of 
a stimulus pulse to detection of the spike, and then dis- 
tance to the fault may be calculated. 
[0030] In an alternative embodiment of measurement 
circuit 24 shown in Fig. 4, a cable test apparatus dis- 
criminates the location of spikes exceeding a predeter- 
mined threshold amplitude, and presents only distance- 
related faults to the user. Crosstalk signals received via 
switch matrix 22 are coupled to a signal conditioning cir- 
cuit 80, which adjusts the signals to a suitable level for 
comparison with a predetermined threshold level by 
comparator 82. That is, if a crosstalk spike or peak volt- 
age exceeds a predetermined level, the output of com- 
parator 82 changes states. A counter 84 is enabled by 
initiation of a stimulus pulse and counts high-speed 
clock signals from a clock 86 until count is stopped by 
the output of comparator 82. The elapsed time from 
counter 84 may be read out directly in terms of distance 
on display device 90. 

[0031] While we have shown and described the pre- 
ferred embodiment of our invention, it will be apparent 
to those skilled in the art that many changes and modi- 
fications may be made without departing from our inven- 
tion in its broader aspects. For example, signal genera- 
tor 20 could generate gated-on short-duration bursts of 
high frequency sine wave signals to build a crosstalk 
versus frequency table similar to that produced by con- 
ventional cable testers, with the time information for di- 
agnostic fault location being extracted from the gating 
commands. Also, with appropriate controls and addi- 
tional circuitry, measurement circuit 24 could be imple- 
mented by those skilled in the art as a conventional ran- 
dom-sampling waveform digitizer. Alternatively, single 
shotaquisition could be implemented with suitable high- 
speed waveform digitizer circuits and attendant in- 
creased cost. 



Claims 

1. A cable testing apparatus, comprising: 

5 a signal generator (20) for generating stimulus 

signals having a predetermined amplitude and 
a predetermined frequency spectral content for 
a first transmission line in a cable (12) under 
test; 

io a measurement system (24, 28) connected to 

a second transmission line in said cable (12) 
under test to receive crosstalk signals pro- 
duced in response to said stimulus signals, said 
measurement system (24, 28) including means 

*5 for measuring crosstalk signal levels, means for 

detecting crosstalk signals which exceed a pre- 
determined threshold, means for measuring 
the elapsed time between generation of said 
stimulus signal and said detected crosstalk sig- 

20 nals, and means for calculating from said 

elapsed time a distance along said cable under 
test. 

2. A cable test apparatus in accordance with claim 1 
25 wherein said measurement system (24, 28) also 

provides an indication of crosstalk versus frequen- 
cy. 

3. A cable test apparatus in accordance with claim 1 
30 or 2, wherein said measurement means is a wave- 
form digitizer which provides a digitized waveform 
record of said crosstalk signals. 

4. A cable test apparatus in accordance with claim 3 
35 further including means (28) for analyzing said dig- 
itized waveform record to provide crosstalk versus 
frequency information. 

5. A cable test apparatus in accordance with claim 4 
40 wherein said means (28) for analyzing said digitized 

waveform record is a processor which performs a 
fast Fourier transform. 

6. A cable test apparatus in accordance with any pre- 
45 ceding claim wherein said stimulus signals are rel- 
atively short-duration pulses. 

7. A method of testing a cable, comprising: 

50 generating stimulus pulses having a predeter- 

mined amplitude and a predetermined frequen- 
cy spectral content for a first transmission line 
in a cable (12) under test; 
receiving, from a second transmission line in 

55 said cable (12) under test, crosstalk signals 

produced in said second transmission line in re- 
sponse to said stimulus pulses in said first 
transmission line, and providing a digitized 
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waveform record of said crosstalk signals; and 
using said digitized waveform record of said 
crosstalk signals for measuring crosstalk signal 
levels, detecting crosstalk signals which ex- 
ceed a predetermined threshold, measuring 
the elapsed time between said stimulus signal 
and said detected crosstalk signals, and calcu- 
lating from said elapsed time a distance along 
said cable (12) under test to provide at least 
one location within said cable (12) under test 
where crosstalk signals exceed a predeter- 
mined level. 

8. A method in accordance with claim 7, including ex- 
tracting from said digitized waveform record cross- 
talk amplitude versus frequency information over 
said predetermined frequency spectrum of said 
stimulus pulse. 

9. A method in accordance with claim 8, including em- 
ploying a Fast Fourier Transform to extract said 
crosstalk amplitude versus frequency information 
from said digitized waveform record. 



Patentanspruche 

1. Kabeltestgerat mit: 

einem Signalerzeuger (20) zum Erzeugen von 
Stimulussignalen mit einer vorgegebenen Am- 
plitude und einem vorgegebenen Frequenz- 
spektrumsinhalt fur eine erste Obertragungslei- 
tung in einem zu untersuchenden Kabel (12); 
einen Melisystem (24, 28), das mit einer zweite 
Obertragungsleitung in dem zu untersuchen- 
den Kabel (12) verbunden ist, urn Obersprech- 
signaie, die als Reaktion auf die Stimulussigna- 
le erzeugt werden, zu empfangen, wobei das 
Melisystem (24, 28) eine Vorrichtung zum Mes- 
sen von Obersprechsignalpegeln, eine Vorrich- 
tung zum Detektieren von einen vorbestimmten 
Schwellenwert uberschreitenden Obersprech- 
signalen, eine Vorrichtung zum Messen der 
Laufzeit zwischen der Erzeugung des Stimu- 
lussignals und den detektierten Obersprechsi- 
gnalen, und eine Vorrichtung zum Berechnen 
eines Abstands langs des zu untersuchenden 
Kabels aus der Laufzeit. 

2. Gerat nach Anspruch 1 , wobei das Melisystem (24, 
28) aufierdem eine Darstellung von Obersprechen 
gegenuber Frequenz bereitstellt. 

3. Gerat nach Anspruch 1 oder 2, wobei die Mefivor- 
richtung ein Wellenform-Digitalisierer ist, der eine 
digitalisierte Wellenformaufnahme der Obersprech- 
signale bereitstellt. 



4. Gerat nach Anspruch 3, mit weiterhin einer Vorrich- 
tung zum Analysieren der digitalisierten Wellen- 
formaufnahme, um Obersprech-gegen-Frequenz- 
Informationen bereitzustellen. 

5 

5. Gerat nach Anspruch 4, wobei die Vorrichtung (28) 
zum Analysieren der digitalisierten Wellenformauf- 
nahme ein Prozessor ist, der eine Fast-Fourier- 
Transformation durchfuhrt. 

10 

6. Gerat nach einem der vorhergehenden Anspruche, 
wobei die Stimulussignale Pulse relativ kurzer Dau- 
er sind. 

15 7. Verfahren zum Testen eines Kabels, wobei 

fur eine erste Obertragungslinie in einem zu un- 
tersuchenden Kabel (12) Stimuluspulse er- 
zeugt werden, die eine vorgegebene Amplitude 
20 und einen vorgegebenen Frequenzspektrums- 

inhalt aufweisen,; 

von einer zweiten Obertragungsleitung in dem 
zu untersuchenden Kabel (12) Obersprechsi- 
gnale empfangen werden, die in der zweiten 
25 Obertragungsleitung als Reaktion auf die Sti- 

muluspulse in der ersten Obertragungsleitung 
auftreten, und eine digitalisierte Wellenform- 
aufnahmederObersprechsignalebereitgestellt 
wird; und 

30 die digitalisierte Wellenformaufnahme der 

Obersprechsignale zum Messen der Ober- 
sprechsignalpegel, zum Detektieren von einen 
vorbestimmten Schwellenwert uberschreiten- 
den Ubersprechsignalen, zum Messen einer 

35 Laufzeit zwischen dem Stimulussignal und den 

detektierten Obersprechsignalen, und zum Be- 
rechnen eines Abstands langs des zu untersu- 
chenden Kabels (12) aus der Laufzeit, benutzt 
wird, um mindestens eine Stelle innerhalb des 

40 zu untersuchenden Kabels (12) bereitzustel- 

len, wo die Obersprechsignale einen vorgege- 
benen Pegel uberschreiten. 

8. Verfahren nach Anspruch 7, wobei weiterhin aus 
45 der digitalisierten Wellenformaufnahme Uber- 
sprechamplitude-gegen-Frequenz-lnformationen 
uber das vorgegebene Frequenzspektrum des Sti- 
muluspulses erhalten werden. 

50 9. Verfahren nach Anspruch 8, wobei eine Fast-Fou- 
rier-Transformation angewandt wird, um Uber- 
sprechamplitude-gegen-Frequenz-lnformationen 
aus der digitalisierten Wellenformaufnahme zu er- 
halten. 
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Revendications 

1. Appareil d'essai de cable, comprenant : 

un generateur de signaux (20) servant a gene- 
rer des stimuli ayant une amplitude predetermi- 
nee et une composition spectrale de frequence 
predeterminee pour une premiere ligne de 
transmission dans un cable (12) sous essai ; 
un systeme de mesure (24, 28) relie a une se- 
conde ligne de transmission dans ledit cable 
(12) sous essai pour recevoir des signaux de 
diaphonie produits en reponse auxdits stimuli, 
ledit systeme de mesure (24, 28) comprenant 
des moyens pour mesurer les niveaux de si- 
gnaux de diaphonie, des moyens pour detecter 
les signaux de diaphonie qui depassent un 
seuil predetermine, des moyens pour mesurer 
ie temps ecoule entre la generation dudit stimu- 
lus et lesdits signaux de diaphonie detectes, et 
des moyens pour calculer, a partir dudit temps 
ecoul6, une distance le long dudit cable sous 
essai. 

2. Appareil d'essai de cable selon la revendication 1, 
dans lequel ledit systeme de mesure (24, 28) fournit 
egalement une indication de la diaphonie^en fonc- 
tion de la frequence. 

3. Appareil d'essai de cable selon la revendication 1 
ou ia revendication 2, dans lequel lesdits moyens 
de mesure sont constitues par un numeriseur de 
formes d'onde qui fournit un enregistrement des for- 
mes d'onde numerisees desdits signaux de diapho- 
nie. 



de transmission dans un cable (12) sous essai ; 
recevoir, a partir d'une seconde ligne de trans- 
mission dans ledit cable (12) sous essai, des 
signaux de diaphonie produits dans ladite se- 
5 conde ligne de transmission en reponse 

auxdits stimuli dans ladite premiere ligne de 
transmission, et fournir un enregistrement de 
formes d'onde numerisees desdits signaux de 
diaphonie ; et 

10 utiliser ledit enregistrement des formes d'onde 

numerisees desdits signaux de diaphonie pour 
mesurer les niveaux des signaux de diaphonie, 
detecter les signaux de diaphonie qui depas- 
sent un seuil predetermine, mesurer le temps 

is ecoule entre ledit stimulus et lesdits signaux de 

diaphonie detectes, et calculer, a partir dudit 
temps ecoule, une distance le long dudit cable 
(12) sous essai pour fournir au moins un em- 
placement a i'interieur dudit cable (1 2) sous es- 

20 sai ou les signaux de diaphonie depassent un 

niveau predetermine. 

8. Procede selon ia revendication 7, comprenant I'ex- 
traction, a partir dudit enregistrement de formes 

25 d'onde numerisees, d'informations d'amplitude de 
diaphonie en fonction de la frequence dans ledit 
spectre de frequences predetermine dudit stimulus. 

9. Procede selon la revendication 8, comprenant I'uti- 
30 lisation d'une Transformee de Fourier Rapide pour 

extraire lesdites informations d'amplitude de 
diaphonie en fonction de la frequence a partir dudit 
enregistrement de formes d'onde numerisees. 



4. Appareil d'essai de cable selon la revendication 3, 
comprenant, en outre, des moyens (28) pour ana- 
lyser ledit enregistrement de formes d'onde nume- 
risees pour fournir des informations de diaphonie 40 
en fonction de la frequence. 

5. Appareil d'essai de c§ble selon la revendication 4, 
dans lequel lesdits moyens (28) servant a analyser 
ledit enregistrement de formes d'onde numerisees 45 
est un processeur qui effectue une transformee de 
Fourier rapide. 



6. Appareil d'essai de cable selon I'une quelconque 
des revendications precedentes, dans lequel les- 50 
dits stimuli sont des impulsions de duree relative- 
ment courte. 



7. Procede d'essai d'un cable, consistant a : 

generer des stimuli ayant une amplitude prede- 
terminee et une composition spectrale de fre- 
quence predeterminee pour une premiere ligne 
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